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(57) Abstract: The invention refers to a method for enhancing the ratio between the main lobe (5) and grating lobes (7) in an antenna 
array (1) comprising a number of n antenna elements (2). The method comprises the steps of ; receiving analog signals on a number 
of m antenna array (1) elements (2); producing a radiation diagram for the array (1) from the values in the signals. The method is 
characterised in that a number of antenna elements (2*) are switched off or reduced during different times and that the corresponding 
radiation diagrams for the different times are added to each other such that a sum radiation diagram is produced. The invention also 
refers to an antenna array system comprising means for performing the method. 
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TITLE 

Reduction of near ambiguities 
TECHNICAL FIELD 

6 The invention refers to a method for enhancing the ratio between the main 
lobe and grating lobes in an antenna array comprising a number of n antenna 
elements. 

The method comprises the steps of; 
10 - receiving analog signals on a number of m antenna array elements, and; 
-producing a radiation diagram for the array firom the values in the signals. 

The invention also refers to an antenna array system comprising means for 
performing the method. 

15 

BACKGROUND ART 

In the field of antenna an-ay systems it is well known to use antenna 
elements in the antenna array to shape a beam sent out from the antenna 
array. It is also known to let all the antenna elements in the antenna array 
20 receive signals. When the antenna array receives the signals it is possible to 
use one or several of the antenna elements, or even sub array systems 
comprising a number of antenna elements. The antenna array can be used, 
for example, in a radar system or a sonar system and is intended to be used 
in trying to estimate the direction-of-arrival of a target. 

25 

When using the antenna array applications there is a wish to obtain high 
resolution and accurate estimation of the dIrection-of-arrival of the target. In 
order to gain the best performance possible it is common knowledge that 
there has to be a trade of between the standard deviation a (or variance 
30 of the angle for detecting the target and the SNR (Signal to Noise Ratio). The 
higher the SNR the lower the standard deviation. The standard deviation is 
coupled to the probability of finding the target. The higher the standard 
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deviation the lower the probability. The so-called "Cram6r-Rao Lower 
Boundary (CRB)", defines the theoretically best ratio between the SNR and 
the standard deviation a for Additive White Gaussian Noise (AWGN) signals. 
It is the desire of every antenna user to have a system that performs as close 
5 as possible to the CRB. This is due to the fact that for a given SNR the lower 
the standard deviation the closer to the CRB, i.e. the better the accuracy of 
the direction-of-arrival estimation of a target. 

However, the SNR is also coupled to the performance of the antenna system 
10 and the size of the targets. The performance refers to the probability of 
estimating the direction of arrival of a target. The accuracy depends on the 
width of the top of the main lobe, if the target is represented by the main lobe. 
The higher the SNR the more narrow Is the top of the main lobe. It is the 
tapering of the main lobe and the pointyness of the main lobe that tells where 
15 the maximum of the main lobe can be found in a radiation diagram. The more 
pointed the main lobe the better the measuring accuracy when finding the 
main lobe maximum, i.e. the better measuring accuracy when estimating the 
direction of arrival of a target 

20 The lower limit for the SNR, i.e. the lowest performance possible for the 
antenna system, occurs where the noise in the signal drowns the signal firom 
the target. This becomes clear if one follows the CRB with decreasing SNR. 
The standard deviation increases with decreasing SNR, I.e. it becomes more 
difficult to correctly estimate the direction of arrival of the target with a lower 

25 SNR. A strong signal compared to a low noise gives a high SNR and a low 
uncertainty in the estimation of the direction-of-arrival of the target, and vice 
versa for a low SNR. 

It is a desirable feature for an antenna system to have the ability to detect 
30 and estimate the direction of arrival of the target with a reasonable probability 
(reasonably low standard deviation). An optimum is thus sought for the trade 
of between low standard deviation and low SNR. 
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As has been stated above, one way to obtain an antenna system with good 
direction finding ability is to narrow the main lobe. This can be carried out by 
separating the antenna elements in the antenna an-ay. The more separated 
6 the elements are the more narrow the main lobe becomes and thus the better 
direction finding ability of the system. 

However, the separation of the antenna elements gives rise to grating lobes 
due to the so-called Spatial Aliasing Phenomena. The problem with grating 

10 lobes occurs when the antenna elements are separated by more than half a 
wavelength X, i.e. at the Nyqvist frequency. The grating lobes are 
mathematical products that will be shown in an antenna diagram showing a 
radiation diagram of the gain G (0) versus the azimuth angle G. The integral 
over the radiation diagram is constant and independent on the size of the 

15 main lobe and the size and number of the grating lobes, i.e. the more the 
grating lobes the smaller and narrower the main lobe. 

The grating lobes will appear on each side of the main lobe and with 
decreasing amplitude the further away from the main lobe they are found. 
20 The two grating lobes closest to the main lobe have the highest amplitude. 
The grating lobes are thus dependent of the angle and can be interpreted as 
signals from the main lobe seen from the side angles G. 

The grating lobes cause problems when trying to detect the direction of 
26 arrival of a target. The target will randomly skip between the grating lobes for 
low SNR and will therefore create random en-ors regarding the detection 
probability of the target. Thus, the grating lobes generate a high standard 
deviation. 

30 As has been described above, the more separated the antennas are, the 
larger the antenna becomes and the narrower the beam. The narrower the 
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beam the better the direction detection probability, i.e. the better the 
estimation of the direction-of-anival. However, the more separated the 
antennas are. more and higher grating lobes will be shown in the radiation 
diagram of the antenna array. 

To sum up the above, when the antenna elements are separated far enough 
to give a sufriciently nan-ow main lobe to get a good estimation of the 
direction-of-arrival, th© grating lobes will cause an uncertainty because the 
target skips between the main lobe and the grating lobes. 



It Is an object of the invention to diminish random errors regarding the 
resolving probability of the target when trying to narrow the main lobe, in 
order to get better estimation of the direction-of-arrival of a target. It is thus 
an object of the invention to suppress the first grating lobes compared to the 
1 5 main lobe for the antenna an-ay system, i.e. to increase the ratio between the 
main lobe and the closest (or first) grating lobes. 

DISCLOSURE OF INVENTION 

The invention intends to meet the above stated objects with a method for 
20 enhancing the ratio between the main lobe and grating lobes in an antenna 
anray comprising a number of n antenna elements. 

The method comprises the steps of; 

-receiving analog signals on a number of m antenna anay elements, and; 
25 -producing a radiation diagram for the anray from the values in the digital 
signals. 

The invention is characterised in that the method comprises the steps of; 
step a) - receiving analog signals on all m antenna elements at a first 
30 time ti . where m is an integer equal to or less than n but greater 

than two; 
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- producing a first radiation diagram for the array from the values 
in the digital signals from the first time ti; 

-saving the radiation diagram from the first time ti 
step b) - switching off or reducing the signal from one (or more) antenna 
5 element, located between the two outermost antenna elements 

of the array, at a second time ti 

-receiving analog signals on all m antenna elements except from 
the one (or more) switched off or reduced antenna element; 

- producing a second radiation diagram for the array from the 
1 0 values in the digital signals from the second time ta; 

-saving the second radiation diagram; 
stepc) -adding the values of the first radiation diagram to the 
corresponding values of the second radiation diagram and 
thereby producing a sum radiation diagram. 

16 

The method increases the resolution of a target and the estimation of the 
direction-of-arrival because the angle Gsum. main for the maximum point of the 
amplitude of the sum of gains G8um(emain) is essentially equal to the angles 
Gmain. ti. emain. t2 for the maximum points of each of the amplitudes of the main 

20 lobes Gti(emain), Gt2{emain) at the first time and the second time ti. tz. The 
amplitude of the gains at the different times ti, ta are thus added at their 
maximum points. Furthermore, the gain G(egrating) for the first grating lobes for 
the different times ti, t2 will appear at different angles Gti. 612, which is why the 
sum of the amplitudes of the first grating lobes at the different times ti , t2 will 

25 not increase with as high a factor as for the sum of the grating lobes. The 
grating lobes will appear to be added more in a lateral direction than in 
amplitude. 

The amplitudes of the main lobes Gti(emain). Gt2(emain) do not have to be a 
30 global maximum In the radiation diagram, but may be a local maximum. 
However, the amplitude of the sum of gains for the main lobe Gsuin(©ma.in) = 
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Gti(emain) + GtaCOmain). which is Why Gsum(emain) is 3 global maximum In the 
sum radiation diagram. The amplitude of the sum of gains for the main lobe 
Gsum(0main) becomes a global maximum since the grating lobes G(egrattng) 
have moved towards the main lobe each time and thus are being added in a 
5 more lateral direction. The estimation of the directlon-of-arrival is achieved 
with the formula: 



10 . where "i" is index for the different times and "arg max" is the argument for 
the maximum value for the gain Gu(e) in the radiation diagram. 

The fomiula is preferably used according to step c) since Gsum(6), Gti(e) and 
Gt2(e) will be vectors when they are represented in a memory storage 
15 capacity. 

The invention is described as adding one radiation diagram to another, but it 
must be pointed out that this technique is equivalent to adding the vectors 
that generate the radiation diagrams. Hence, the gain G(e) for one time is 
20 added to the gain 6(9) for another time at the corresponding angles. 

The method thus enhances the ratio between the sum of the main lobe and 
the sum of the grating lobes for the sum of the radiation diagrams compared 
to the ratio for the main lobe and the grating lobe for any single radiation 
26 diagram. One important aspect is that the time domain is used in order to get 
better estimation of the direction of anrlval of a target. 

The first part of step a) is to receive analog signals on a certain number of m 
antenna elements at a first time ti. If m = n the antenna an-ay uses all 
30 antenna elements. The antenna elements are advantageously placed in the 




(1) 
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antenna array with their relative distance equal to or greater than the 
wavelength divided by two. The wavelength refers to the frequency used in 
the antenna array system. The relative distance between the antenna 
elements for a full an-ay fulfils the Nyqvist criteria which is why no grating 
6 lobes will appear in the radiation diagram when using a full array. 

In a further embodiment of the invention the sequence according to step b) 
is repeated x times until only the m-x antenna elements on the outermost 
ends remain, x Is an integer less than m-2 and greater than zero, denoting 
10 the number of removed or reduced antenna elements. Furthermore, step c) 
is then used for producing a sum radiation diagram by adding all the 
corresponding values of the radiation diagrams from all the x times tx. 

Preferably, the distance between each of the antenna elements is the 
15 wavelength lambda divided by two or less. This meets the Nyqvist criteria 
which is why no spatial aliasing phenomena will occur for a full array. 

The antenna array is connected to an analog to digital converter that samples 
the analog signals and creates a digital signal. The digital signal comprises 
values from the analog signal at certain points in time. The digital signal is 
stored in a suitable memory and the values In the signal may be represented 
in the radiation diagram as the gain G(e) versus the angle 9. The radiation 
diagram displays the amplification of the analog signal for different angles at 
certain points in time. The amplification may be referred to as the relation 
between the different values and the maximum value or as the relation 
between the different values and an omnidirectional aerial. The gain Is 
therefore normally denoted in decibels. 

As has been stated above, the radiation diagrams comprises the values of 
30 the gain 0(9) versus the azimuth angle 9. If the number of m of antenna 
elements in the first array configuration is less than the maximum number of 
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n of antenna elements, grating lobes will appear In the first radiation diagram. 
In the first and second radiation diagram the grating lobes appear at different 
angles dependent on which and how many antenna elements that have been 
switched off or reduced. In the first radiation diagram the first grating lobes 

6 appear on each side of the main lobe at certain angles, e.g. e« = Xti radians 
(or degrees) and Gti = -Xti radians (degrees). In the second radiation diagram 
the first grating lobes appear on each side of the main lobe at certain angles, 
e.g. Ge = Xg radians (or degrees) and 612 = -Xe radians (degrees). According 
to the invention, Xti is greater than Xt2 and -Xti is lesser than Xt2, I.e. the first 

10 grating lobes In the second radiation diagram appear closer to the main lobe 
than the first grating lobes in the first radiation diagram. However, the main 
lobe in the first and second radiation diagrams appear at the same angle 
Gmain = Xti .main = Xt2. main In the radiation diagrams. 

15 The antenna array Is advantageously operational where the angle (9) Is 
varied between -jc/2-7c/2. The values for the different angles are measured by 
using the different antenna elements In pairs. In order to be able to measure 
the effect for different angles for the incoming signal, the antenna array uses 
at least two antenna elements that preferably are omnidirectional. 

20 

The method suppresses the grating lobes by summing the different radiation 
diagrams and thus reduces near ambiguities. 

The invention also refers to an antenna array system comprising means for 
25 perfonming the above method. 



The benefits of the invention above will become apparent when describing 
the embodiments below. 
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BRIEF DESCRIPTION OF DRAWINGS 

The Invention will now be described with reference to the drawings below. 

Fig. 1 shows an antenna array according to one embodiment of the invention, 
5 with a number of ti-t4 configurations in time. 

Fig. 2 schematically shows a radiation diagram, with the gain in the signal 
(G(e)) versus the angle 0 at the first time for the antenna array In fig. 1 . 

10 Fig. 3 schematically shows a radiation diagram, with the gain in the signal 
(G(e)) versus the angle 0 at the second time for the antenna anray In fig. 1 . 

Fig. 4 schematically shows a radiation diagram, with the gain in the signal 
(0(9)) versus the angle 0 at the third time for the antenna an-ay in fig. 1 . 

15 

Fig. 5 schematically shows a radiation diagram, with the gain in the signal 
(G(0)) versus the angle 0 at the fourth time for the antenna array in fig. 1 . 

Fig. 6 shows the radiation diagram in fig. 3 overlapping the radiation diagram 
20 in fig. 4 together with the sum of the two radiation diagrams (dotted line). 

Fig. 7 schematically shows a graph depicting Cram6r-Rao Lower Boundary 
(CRB), and the standard deviation o versus the Signal to Noise Ratio (SNR) 
when using reduced antenna-array. 

25 

Fig. 8 schematically shows a radiation diagram comprising a number of 
overiapping effect radiation diagrams for ail the different antenna 
configurations of the antenna an-ay according to fig 1, together with the sum 
of the radiation diagrams (dotted line). 

30 
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Fig. 9 schematically shows a two-dimensional antenna an-ay with different 
configurations at different times. 

Fig. 10 schematically shows a frontal radiation diagram of an antenna array 
5 system according to fig. 9. 

Fig 1 1 diagrammaticaliy shows a block diagram over the method according to 
the invention according to one embodiment. 

1 0 MODES FOR CARRYING OUT THE INVENTION 

The description of the different embodiments below shall not be seen as 
limiting for the invention, but merely as examples within the scope of the 
claims. 

15 An antenna array 1 uses antenna elements 2 for receiving analog signals. 
The antenna array 1 is connected to an analog to digital converter that 
samples the analog signals and creates a digital signal. The digital signal 
comprises values from the analog signal at certain points in time. The values 
may be represented as the gain G(9) versus the angle 6. The values may be 

20 presented in a radiation diagram in order to display the strength of the analog 
signal for different angles at certain points in time. 

Fig. 1 shows an antenna array 1 according to one embodiment of the 
invention comprising five antenna elements 2, with a number of 
25 configurations in time. The antenna elements 2 are depicted with a large X 
when in use. 

At the first time ti the antenna array 1 uses all of the antenna elements 2. 
The relative distance 3 between the antenna elements advantageously fulfils 
30 the Nyqvist criteria. 
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At the second time ta the antenna array 1 uses all but one of the antenna 
elements 2. The relative distance 4' between the subgroups of antenna 
elements does not fulfil the Nyqvist criteria. 

5 At the third time ts the antenna an-ay 1 uses all but two of the antenna 
elements 2. The relative distance 4" between the subgroups of antenna 
elements does not fulfil the. Nyqvist criteria. The relative distance between the 
subgroups of antenna elements at the third time ts are greater than at the 
second time iz. 

10 

At the fourth time t4 the antenna an-ay 1 uses all but three of the antenna 
elements 2. The relative distance 4"' between the subgroups of antenna 
elements does not fulfil the Nyqvist criteria. The relative distance between the 
subgroups of antenna elements at the fourth time t4 are greater than at the 
15 third time ts. 

As can be seen in fig. 1 , the configuration of the antenna array 1 at the fourth 
time t4 uses only the two most widely separated antenna elements 2. 

20 With "not using" an antenna element or "removing" one antenna element, 
means that the signals from the antenna an-ay 1 are reduced or blocked. This 
is advantageously done before the sampling of the signals, but may be 
canied out after the sampling. However, If the antenna elements 2 are to be 
reduced or blocked after the sampling, the system should require one 

25 sampling device per antenna element. In fig. 1 the reduced antenna elements 
2 are depicted with a small x and denoted with 2'. 

The use of different antenna elements 2 according to the above increases 
the phase centre between subgroups of antenna elements 2. At the fourth 
30 time t4, the distance between the two outermost antenna elements 2 gives 
the maximum increase in phase centre for the antenna array 1 according to 
the embodiment. As has been described before, the increase in distance 
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between the antenna elements 2 narrows the main lobe 6 but decreases the 
amplitude (see figs. 2-6). One drawback is the generation of grating lobes 7 
which cause an increase in the standard deviation. However, for every 
increase in distance between the antenna elements 2 according to the 
5 above, the closer to the main lobe 5 the grating lobes 7 will appear. 

Fig. 2 schematically shows a radiation diagram, with the gain in the signal 
G{9) versus the angle 0 for a full antenna array 1 corresponding to the first 
time ti. If the distance 3 between the antenna elements 2 Is equal to or less 

10 than half the wavelength, no grating lobes 7 will appear. In this embodiment 
the distance 3 between the antenna elements 2 is equal to or less than half 
the wavelength, i.e. fulfils the Nyqvist criteria. In fig, 2 this becomes apparent 
since only a main lobe 5 appears in the radiation diagram. In this 
embodiment, there are no errors in the estimation of the direction-of-arrival 

15 since no grating lobes 7 appear. The maximum point 6 for the radiation 
diagram coincides with the apex of the main lobe 5. However, the width of 
the top of the main lobe 5 gives rise to uncertainty regarding the estimation of 
the direction-of-arrival. ^ 

20 As can be seen in fig. 1 , the antenna anray 1 is advantageously operational 
where the angle (0) is varied between -7c/2-7c/2. 

In fig. 2 the main lobe 5 appears within the range of -7c/2-7c/2. 

25 Fig. 3 schematically shows a radiation diagram, with the gain in the signal 
G(9) versus the angle 0 for a reduced antenna array 1 corresponding to the 
second time tz. Here the relative distance 4' between the central antenna 
elements 2 is more than half the wavelength, which is why first grating lobes 
7 appear in the radiation diagram. In fig. 3 this becomes apparent since both 

30 a main lobe 5 and two grating lobes 7 appear in the radiation diagram. In this 
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embodiment, the first grating lobes 7 give rise to an uncertainty regarding the 
estimation of the direction-of-arrival. 

The maximum point 6 for the radiation diagram coincides with the apex of the 
5 main lobe 5, but the main lobe 5 has a lesser amplitude than at the first time 
ti. However, the width of the top of the main lobe 6 is narrower than at the 
first time ti but still gives rise to uncertainty. 

In fig. 3, the grating lobes 7 appear outside a first range, essentially 
1 0 symmetrically around the main lobe 5. A first distance 8* between the top 6 of 
the main lobe 5 and top of the highest grating lobes 7 are also depicted in fig 
3. 

Fig. 4 schematically shows a radiation diagram, with the gain in the signal 
15 G(e) versus the angle 9 for a reduced antenna array 1 corresponding to the 
third time Here the relative distance 4" between the central antenna 
elements 2 is even greater than at the second time ta which is why even 
more grating lobes 7 appear in the radiation diagram. In fig. 4 this becomes 
apparent since both a main lobe 5 and several grating lobes 7 appear in the 
20 radiation diagram. The first grating lobes 7 at the third time ts appear closer 
to the main lobe 6 than at the second time 2 and also have greater 
amplitude. In this embodiment, the grating lobes 7 give rise to even greater 
uncertainty regarding the estimation of the direction-of-arrival. 

25 The maximum point 6 for the radiation diagram coincides with the apex of 
the main lobe 5, but the main lobe 5 has a lesser amplitude than at the 
second time t2, which is why the ratio between the main lobe 5 and the first 
grating lobes 7 has decreased compared to the ratio at the second time. 
However, the width of the top of the main lobe 5 is narrower than at the first 

30 time ti but still gives rise to uncertainty. 
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In fig. 4, the grating lobes 7 appear outside a second range, essentially 
symmetrically around the main lobe 5. A second distance 8" between the top 
6 of the main lobe 5 and top of the highest grating lobes 7 are also depicted 
in fig 4. 

5 

Fig. 5 schematically shows a radiation diagram, with the gain in the signal 
G(e) versus the angle 9 for a reduced antenna array 1 con-esponding to the 
fourth time t4. In this embodiment the antenna an^y 1 configuration only 
comprises the two outermost lying antenna elements 2. Here the relative 

10 distance 4"' between the central antenna elements 2 is thus even greater 
than at the third time ta which is why even more grating lobes 7 appear in the 
radiation diagram. In fig. 5 this becomes apparent since both a main lobe 6 
and several grating lobes 7 appear in the radiation diagram. The first grating 
lobes 7 at the fourth time U appear closer to the main lobe 5 than at the 

16 second time 2 and also have greater amplitude. In this embodiment, the 
grating lobes 7 give rise to even greater uncertainty regarding the estimation 
of the direction-of-arrival. 

The maximum point 6 for the radiation diagram coincides with the apex of 
20 the main lobe 5. but the main lobe 5 has a lesser amplitude than at the third 
time t3. which is why the ratio between the main lobe 5 and the first grating 
lobes 7 has decreased compared to the ratio at the third time. However, in 
fig. 5 the amplitudes of the first grating lobes 7 are essentially as high as for 
the main lobe 5. Furthermore, all grating lobes in fig. 5 theoretically have the 
25 same amplitude. (This may be compared to the previously known spatial two- 
element comb filter.) This configuration of the antenna an-ay 1 gives rise to a 
large uncertainty for the estimation of the direction-of-arrival of a target, since 
it is not obvious that the target will appear In the main lobe 5. but may appear 
in one of the closest grating lobes 7. 

30 

However, the width of the top of the main lobe 6 at the fourth time t4 Is the 
most nan-ow compared to all of the antenna configurations. If it is certain that 
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the target appears in the main lobe 5, the narrow top of the main lobe 5 gives 
a good estimation of the direction-of-arrival. One problem thus to be solved is 
the uncertainty dependent on the grating lobes 7. 

5 In fig. 5. the grating lobes 7 appear outside a third range, essentially 
symmetrically around the main lobe 5. A third distance 8"' between the top 6 
of the main lobe 5 and top of the highest grating lobes 7 are also depicted in 
fig 5. 

10 One important thing to notice, however, is that the centre line of the main 
lobe 5 is mainly stationary, i.e. has not moved, for all the times ti - 1*. but the 
first grating lobes 7 has moved closer to the main lobe 5 the more separated 
the antenna elements 2 are. In figs. 2-5 the centre line coincides with the 
vertical axis of the radiation diagram, i.e. at the angle 6 = 0 rad. 

15 

In figs. 3-5 a relative distance 8', 8", 8'" has been depicted, which denotes 
the distance between the top of the main lobe 5 and the top of the first 
grating lobes 7. 

20 Fig. 6 shows the radiation diagram in fig. 3 overlapping the radiation diagram 
in fig. 4. As can be seen in fig. 6. the centre line of the main lobes 5 has not 
moved, but the grating lobes 7 from the radiation diagram in fig. 4, i.e. at the 
third time ta has moved closer to the centre of the main lobe 5 than the 
grating lobes 7 from the radiation diagram in fig. 3. i.e. at the second time tz. 

25 Furthemiore, it becomes obvious from fig. 6 that the main lobe 5 at the third 
time is more narrow but with less amplitude than tiie main lobe 5 at the 
second time. 

Fig. 6 also shows the sum of the values from the radiation diagram in fig. 3 
30 and the radiation diagram in fig. 4 (dotted line). The sum of the two radiation 
diagrams shows a sum of the main lobes 10 and the sum of the grating lobes 
12. In fig. 6 it is evident that the increase in height of the sum of the main 
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lobes 10 significally exceeds the Increase In height of the sum of the grating 
lobes 12. It is obvious from fig. 6 that the sum of the grating lobes 12 has 
gained some height, but that the displacement of the grating lobes 7 (from 
the different times ti-t4 ) towards the centre line of the main lobe 5 (due to the 
5 Increase in distance between the antenna elements) causes a build up of the 
sum of the grating lobes 12 in a lateral direction more than in height. Lateral 
direction refers to the direction that coincides with the extension of the 
angular axis in the radiation diagram. 

10 In fig. 6 the first distance 8' and the second distance 8" from figs. 3 and 4 are 
depicted. In fig. 6 a fourth distance 9 is also depicted. The fourth distance 9 is 
the distance between the top 1 1 of the sum of the main lobes 10 and the top 
1 3 of the sum of the grating lobes 12, 

16 It is evident from fig. 6 that the fourth distance 9 exceeds that of the first and 
second distance 8', 8". This is because the ratio between the sum main lobe 
10 and the sum of grating lobes 12 has enhanced compared to the ratio 
between the main lobe and the grating lobes according to the antenna array 
1 configuration according to figs. 3 and 4. According to the described 

20 embodiment of the invention, the summation of all, or some of, the radiation 
diagrams of the antenna configurations possible with an antenna an-ay 1 
according to fig. 1, yields the displacement of the points described in 
connection with fig. 7. This Is due to the enhanced ratio between the sum 
main lobe 10 and the sum of grating lobes 12, compared to any one of the 

26 possible radiation diagrams taken alone. 

Fig. 7 schematically shows a graph depicting the Cram6r-Rao Lower 
Boundary (CRB) and the standard deviation a versus the Signal to Noise 
Ratio (SNR). The standard deviation is a deviation of the angle. Figure 7 also 
30 shows a first point Pi at a certain distance from CRB and a second point P2 
at a second location. The first point Pi has a higher SNR and consequently a 
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lower standard deviation a than the second point P2. The first point and the 
second point symbolise an antenna array 1 system with decreasing SNR 
from the first point Pi to the second point P2 along the CRB. At P2 there is a 
threshold to a third point P3. The threshold is a result of grating lobes 7 
5 appearing at lower SNR. The grating lobes 7 give an uncertainty in the 
angular estimation to the target. 

Fig. 7 shows that a SNR higher than at point two P2 gives a good probability 
of estimation of the direction-of-arrival of a target at the main lobe 5. However 

10 this is only true if the maximum point 6 of the radiation diagram coincide with 
the maximum point of the main lobe 5. With a lower SNR than at the second 
point P2, it is not certain that the maximum point 6 of the radiation diagram Is 
where the main lobe 5 is, but the maximum point 6 might be deemed by the 
system to be at one of the closest grating lobes 7. If this is the case, the 

15 estimation of the direction-of-arrival of a target will be carried out at the 
grating lobe 7. 

If one of the grating lobes 7 has been deemed by the system to be the 
maximum point and if the amplitude of the grating lobe 7 is lesser than the 

20 amplitude of the main lobe 5. the distance from the top of the main lobe to 
the top of the grating lobe may be greater than the width of the top of the 
main lobe. This gives rise to a considerable increase in the uncertainty for the 
estimation of the direction-of-arrival of a target and thus an increase of the 
standard deviation. This scenario Is depicted in fig. 7 as a jump from the 

25 second point P2 to the third point P3. 

When reducing the array according to the invention the width of the main 
lobe 5 will decrease, and the threshold will move closer to the CRB but with a 
demand for a higher SNR, than for the previous configuration of the an^y. 
30 This is depicted in fig. 7 where the second point P2 has moved to the second 
point prime P2 . 
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As pointed out before, the decrease of the main lobe 5 width decreases the 
standard deviation o, but puts a demand for a higher SNR. This has been 
pointed out in fig. 7 as moving the first, second and the third points Pi, Pa 
and P3 to the corresponding points prime Pi', Pa and P3'. 

5 

As pointed out before, one problem with separating the antenna elements 2 
Is that at one point, grating lobes 7 will appear in the radiation diagram due to 
the separation. The grating lobes 7 will generate a decrease In the probability 
of estimation of the direction-of-arrival of the target. The target will appear 
10 randomly in the grating lobes 7 as a defect estimation of the direction-of- 
arrival. The sudden appearance of grating lobes 7, and thus the decrease in 
the probability, is shown in fig. 7 as a jump from the second point P2 to a third 
point P3. The third point P3 has a higher standard deviation o than the 
second point P2 for essentially the same SNR. 

15 

According to the invention, the first point Pi to the third point P3 scenario 
. described above may be displaced along the CRB in a direction with 
decreasing SNR, by enhancing the ratio between the main lobe 5 and grating 
lobes 7. By enhancing the ratio between the main lobe 5 and the grating 
20 lobes 7, the first point Pi to the third point P3 will be displaced to first point 
double prime Pi" to the third point double prime P3" depicted In fig. 7. As can 
be seen In fig. 7, such a displacement allows a lower SNR before the 
threshold at the second point double prime P2" to the third point double prime 
P3" due to the appearance of the grating lobes 7. 

25 

According to the Invention, the ratio between the main lobe 5 and the closest 
grating lobes 7 is increased by adding the values from different 
configurations of the antenna array. 

30 As a result of the displacement described above, it is possible to separate the 
antenna elements 2 to get a narrow main lobe and still enable the antenna 
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system to operate at a low SNR. The invention suppresses ttie grating lobes 
7 at the same time as the directivity increases for the antenna array 1 
system. 

5 Fig. 8 shows a radiation diagram comprising all the radiation diagrams in figs. 
2-5 overlapping each other together with the sum of the radiation diagrams 
(dotted line). Fig. 8 further shows the benefits of the invention described 
above. 

10 Fig. 9 shows a two-dimensional antenna array 1 system according to one 
embodiment of the invention, with a number of configurations in time ti, tm, 
and tn. The antenna anray 1 system comprises five rows along an Y-axis. 
Each row comprises ten antenna elements 2 along a Z-axis. The antenna 
elements 2 are reduced or switched off in the same manner as described irv 

15 fig. 1. The Invention described above is thus possible to use on two- 
dimensional antenna arrays. 

Fig. 10 shows frontal radiation diagram of an antenna array 1 system 
according to fig. 9. The displacement of the grating lobes 7 towards the 

20 centre of the main lobes 5 has been depicted as a number of grating lobes 7 
on an Z-axis on opposite sides of the main lobes 5 and a number of grating 
lobes 7 on an Y-axis on opposite sides of the main lobes 5. The 
displacement of the grating lobes 7 along the Z-axis corresponds to the 
removal of antenna elements 2 along the Z-axis in fig. 9. The displacement of 

25 the grating lobes 7 along the Y-axis corresponds to the removal of antenna 
elements 2 along the Y-axis in fig. 9. 

The sum of all or some of the antenna configurations possible with an 
antenna array 1 system according to fig. 9, yields a corresponding result as 
30 the embodiment described in figs. 1-7, i.e. a displacement of the points in fig. 
7 due to the enhanced ratio between the sum main lobe 5 and the sum of 
grating lobes 7. 
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In fig. 10 the top 11 of the sum of the main lobes 6 are depicted. As Is 
obvious from fig. 10, the maximum points of the main lobes 5 coincide with 
the maximum point of the sum main lobe 10. 

5 

Fig 1 1 shows a block diagram over the method according to the invention 
according to one embodiment. The blocl<s in fig. 11 depict a number of 
means suitable for performing the method. 

10 Fig. 11 shows an antenna array 1 system 20 comprising an antenna array 1 
with a number of n antenna elements 2. The antenna array 1 system 
comprises means 21 for enhancing the ratio between the main lobe 5 and 
grating lobes 7. 

15 The system comprises the antenna array 1 adapted for receiving analog 
signals on a number of m antenna array 1 elements 2 and means 22 for 
producing a radiation diagram for the array firom the values in the digital 
signals. 



20 The system also comprises; 

a) - the antenna array 1 adapted for receiving analog signals on all 
m antenna elements 2 at a first time ti, where m is an integer 
equal to or less than n but greater than two; 

- means 22 for producing a first radiation diagram for the anray 1 
25 from the values in the digital signals from the first time ti; 

-means 23 for saving the first radiation diagram from the first 
timeti; 

b) - means 24 for switching off or redudng the signal from one 
antenna element 2', located between the two outermost antenna 

30 elements 2 of the array, at a second time t2, 
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- the antenna array 1 adapted for receiving analog signals on all 
m antenna elements 2 except from the one switched off or 
reduced antenna element 2'; 

- means 22 for producing a second radiation diagram for the 
6 array from the values in the digital signals from the second time 

t2 

•4neans 23 for saving the second radiation diagram; 
c) -means 25 for adding the values of the first radiation diagram to 

the corresponding values of the second radiation diagram and thereby 
1 0 producing a sum radiation diagram. 

Furthemnore the system comprises; 

-means 22, 23, 24 for repeating the sequence according to b) x times until 
only the m-x antenna elements 2 on the outenmost ends remain, where x is 
15 an integer less than m-2 and greater than zero, denoting the number of 
removed or reduced antenna elements 2', and where; 
-means 26 according to c) for producing a sum radiation diagram by adding 
all the corresponding values of the radiation diagrams from all the x times tx. 

20 The system also comprises means 26 for converting the analog signals to 
digital signals by sampling, before the radiation diagrams are produced. 

The means 22 for producing the radiation diagrams comprises means for 
representing the values in the radiation diagrams as the gain 3(6) for a 
25 number of angles 6. 

The above mentioned means may be any suitable devices for handling 
signals and for performing mathematical tasks, for example a computer. 



wo 2004/021513 ^ ^ PCT/SE2002/0015S4 

22 

The embodiments above have been described as removing a number of 
antenna elements, but by removing it is to be understood that the antenna 
elements 2 are dampened or reduced rather than removed. 

5 Furthennore the invention can be used for the same frequency between the 
different times or for different frequencies. 



The invention is not limited to the embodiments above, but may be amended 
within the scope of the claims. 
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CLAIMS 

1. Method for enhancing the ratio between the main lobe (6) and grating 
lobes (7) in an antenna array (1) comprising a number of n antenna elements 

5 (2), which method comprises the steps of; 

- receiving analog signals on a number of m antenna array (1) elements (2); 
-producing a radiation diagram for the an-ay (1) from the values in the signals, 
and characterized in that the method comprises Vne steps of; 
step a) - receiving analog signals on all m antenna elements (2) at a first 

10 time (ti), where m is an integer equal to or less than n but 

greater than two; 

- producing a first radiation diagram from the values In tiie 
signals from the first time (ti); 
-saving the radiation diagram from the first time.(ti) 
15 step b) - switching off or reducing the signal from one antenna element 
(2'), located between the two outermost antenna elements (2) of 
the array, at a second time (t2); 

-receiving analog signals on all m antenna elements (2) except 

from the one switched off or reduced antenna element (2'); 
20 - producing a second radiation diagram from the values in the 

signals from the second time (t2) 

-saving the second radiation diagram; 
step c) -adding tiie values of the first radiation diagram to the 

corresponding values of tiie second radiation diagram and 
25 thereby producing a sum radiation diagram . 

2. Method according to claim 1, characterized in ttiat; 
-the sequence according to step b) is repeated x times until only the m-x 
antenna elements (2) on the outermost ends remain, where x is an integer 
30 less than m-2 and greater than zero, denoting the number of removed or 
reduced antenna elements (2"), and where; 
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-step c) is used for producing a sum radiation diagram by adding all the 
corresponding values of the radiation diagrams from all the x times (tx). 

3. Method according to any one of the- previous claims. 
5 characterized i n that the analog signals are converted to digital 

signals by sampling before the radiation diagrams are produced. 

4. Method according to any one of the previous claims, 
characterized in that the values are represented in the radiation 

1 0 diagrams as the gain (G(e)) for a number of angles (9). 

5. Method according to any one of the previous claims, 
characterized in that the distance between each of the antenna 
elements (2) is the wavelength lambda divided by two or less. 

15 

6. Method according to any one of the previous claims, 
characterized in that the angle (0) is varied between -7c/2 and 7t/2. 

7. Antenna array system (20) comprising an antenna an-ay (1) with a number 
20 of n antenna elements (2), where the antenna array system (20) comprises 

means (21) for enhancing the ratio between the main lobe (6) and grating 
lobes (7), wherein the system comprises; 

- the antenna array (1) adapted for receiving analog signals on a number of 
m antenna array elements (2), and; 
25 -means (22) for producing a radiation diagram for the array from the values In 
the digital signals, 

characterized in that the system comprises; 

a) - the antenna array (1) adapted for receiving analog signals on 

all m antenna elements (2) at a first time (ti), where m is an 
30 integer equal to or less than n but greater than two; 
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- means (22) for producing a first radiation diagram for the array 
(1) from the values in the digital signals firom the first time (U); 
-means (23) for saving the radiation diagram from the first time 
(ti) 

5 b) - means (24) for switching off or reducing the signal from one 

antenna element (2*), located between the two outermost 
antenna elements (2) of the array, at a second time (ta); 

- the antenna array (1) adapted for receiving analog signals on 
all m antenna elements (2) except from the one switched off or 

1 0 reduced antenna element (2'); 

- means (22) for producing a second radiation diagram for the 
array from the values in the digital signals from the second time 

(t2) 

-means (23) for saving the second radiation diagram; 
15 c) -means (25) for adding the values of the first radiation diagram to 

the corresponding values of the second radiation diagram and 
thereby producing a sum radiation diagram. 



8. Antenna array system (20) according to claim 7, 
20 characterized I n that the system comprises; 

-means (22, 23, 24) for repeating the sequence according to b) x times until 
only the m-x antenna elements (2) on the outennost ends remain, where x is 
an integer less than m-2 and greater than zero, denoting the number of 
removed or reduced antenna elements (2'), and; 
25 -means (25) according to c) for producing a sum radiation diagram by 
adding all the corresponding values of the radiation diagrams from all the x 
times (tx). 

9. Antenna array system (20) according to claim 7 or 8, 
30 characterized in that the system comprises means (26) for 

converting the analog signals to digital signals by sampling before the 
radiation diagrams are produced. 
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10. Antenna anray system (20) accxDrding to any one of claims 7-9, 
characterized In that the system comprises means (22) for 
representing the values in the radiation diagrams as the gain (0(8)) for a 

5 number of angles (0). 

11. Antenna an-ay system (20) according to any one of claims 7-10, 
characterized in that the distance between each of the antenna 
elements (2) Is the wavelength lambda divided by two or less. 
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